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The s in te r ing  process is used t o  agglomerate the  smaller s i zes  of iron ores 
t h a t  are too s m a l l  t o  be fed d i r ec t ly  in to  the  b l a s t  furnace. 
heterogeneous mixture of iron ore , fuel, and usually f lux  is deposited as a bed about 
8 t o  15 inches deep on an endless, moving s i n t e r  strand. 
se r ies  of windboxes tha t  by means of suction d r a w  a downdraft of a i r  through the  bed. 
AS the bed moves in to  position over t he  f i r s t  windbox, t he  f u e l  i n  the  top of the  bed 
is ignited by gas burners. After ignition, the  a i r  flow through the  bed sustains the  
oxidztion reaction and a t  the  same time causes the combustion zone t o  propagate downward 
t o  the bottom of the  bed. I n  t h i s  m e r ,  only a comparatively small region (combustion 
zone) of the bed is being heated t o  sintering temperatures a t  any one time. 
t he  heat released i n  the combustion zone is then transferred by forced convection, 
radiation, and conduction t o  preheat t he  portion of the  bed ly ing  beneath the 
advancing combustion zone. Thus, because of good heat recovery, t he  process rea-uires 
only a s m a l l  amount of fue l  (about 3 t o  5$ carbon). 

In t h i s  process, a 

The s t rand  moves over a 

Much of 

The fue l  is randomly d is t r ibu ted  throughout the  bed and may be considered 
as discrete par t ic les  embedded within a massive m s t r i x  of i ne r t  material. Further- 
more, because of the low concentration of f u e l  in the  bed, the f u e l  par t ic les  a re  well 
dispersed-and can be visualized as d i s t inc t  e n t i t i e s  oxidizing essent ia l ly  independently 
of each other when enough a i r  is available f o r  t h e i r  combustion. 

The combustion process can be considered') t o  occur in two regions, as  
(1) the  region where t rue  chemical reaction controls t h e  oxidation rate,  follows: 

and (2)  the region i n  which the  mass t ransfer  of oxygen from t h e  bulk gas stream t o  
the  carbon surface is controlling. A t  temperatures below about 1500 F, the reaction 
r a t e  is  independent of a i r  velocity, whereas above t h i s  temperature the  ra te  of 
combustion i s  d i r ec t ly  Fnfluenced by velo i t y  and is l imited by t h e  mass transfer 
r a t e  of oxygen. Kuchta, Kant, and Damn2! have shown t h a t  in the  second region the 
reaction r a t e  is  proportional t o  the  0.47 power of the  a i r  velocity.  
a t  very high a i r  ve loc i t ies  the r a t e  approaches tha t  given by t h e  Arrhenius equation 
for  an activation energy of about 30 k cal/g mole Meyer3) reported similar activation 
energies and he as  w e l l  as Mei C h i 0  Chen, et.al.,&) showed t h a t  t h e  oxidation of carbon 
is  f irst  order with respect t o  the  p a r t i a l  pressure of oxygen. 

Furthermore, 

Wicke5) suggests t h a t  fo r  the  combustion of carbon the  activation energy 
is  about 58 k cal/g mole and t h a t  lower values than t h i s  are probably due t o  
diffusional e f fec ts  i n  the  porous in t e r io r  of the  carbon. He further s t a t e s  t ha t  
differences in reac t iv i ty  are due so le ly  t o  variations i n  in t e rna l  surface area and 
t h a t  depending upon the  type of carbon being oxidized, t he  spec i f ic  surface 
increase by as much as 1400 percent as carbon is gasified. Smith and PolleJT'report 
similar resu l t s  f o r  the  oxidation of f i n e  thermal carbon a t  600 C.  
t ha t  because the increase in surface area i s  not accompanied by a decrease i n  pa r t i c l e  
diameter, the pa r t i c l e  must develop in te rna l  porosity. These r e su l t s  a r e  in accord 
with Wickets and tend t o  confirm h i s  observation t h a t  a reaction a l so  occurs on the 
in te rna l  carbon structure.  The bulk of the  work reported in the  l i t e r a t u r e  fo r  
oxidation r tes of carbon has dea l t  with low-ash-content materials.  
a d  Wright77 have studied the  combustion of cokes and coals as well as low-ash carbons 

They concluded 

However, Grendon 
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through ash barriers.  
residual. ash layer surrounding p a r t i a Y y  burnt commercial fuels  influences the. burning 
rate. 

They advance t h e  poss ib i l i t y  that the permeability of the 

SchLuter and Bitsianes') have used the combustion model proposed by Tu e-t.dl) 

In  general, the measured widths were two. t o  three thnes l a rge r  than those 
In a prepared discussion of t h e i r  paper, they have s ta ted that since the  

in an attempt t o  predict the width of the f u e l  combustion zone present in sintering 
processes. 
predicted. 
r a t e  of combustion of fue l  i n  the s inter ing process is diffusion controlled, the 
reac t iv i ty  of the fuel  should have l i t t l e  effect  on the processes inherent in sintering. 
However, no experimental. data are presented Fn substantiation. Furthermore, their 
model is  l imited t o  a case where t h e  f i e 1  is assumed t o  be a dense sphere of shrinking 
radius that burns only on i t s  surface and hence cannot allow for the effect  of  porosity 
and ash that would a f f ec t  the diffusional  resistances. 

Dixon and Voiceg) state that the s inter ing process demands a r e l a t ive ly  
unreactive fuel. 
and necessitates a higher f u e l  content in the s i n t e r  bed. For example, with fue l  
re c t i v i t i e s  varying from c r i t i c a l  a i r  b l a s t  (C.A.B.) values of 0.092 t o  0.035 

was noted. 
there  was a considerable drop i n  thermal efficiency. 

The present paper gives the r e su l t s  of a study completed w i t h  eight different 

Too high a r eac t iv i ty lowers  the t h e m  efficiency of the process 

f t  !I / m i n ,  no appreciable e f f ec t  on t h e  thermal. efficiency of the  s inter ing process 
However, with a highly reactive wood charcoal (C.A.B. = 0.003 f t3/  min), 

fuels  f o r  characterizing the fuels w i t h  respect t o  their performance in the sintering 
process, in which a unique combustion s i tuat ion exists. 
cokes containing different amounts of ash are also included. 
r eac t iv i ty  index i s  developed f o r  c lass i fying fuels with regard t o  their  behavior in  
the s inter ing operation. 

The oxidation kinetics o f  
From these studies, a 

Materials and Experimental Work 

The materials used in this work were commercially available cokes, coals. 
and charcoal. 
Table I. 

The chemical composition and the physical properties a re  given in 
. 

A Stanton Thembalance,  two rotameters, an& associated hardware f o r  
transporting a synthetic a i r  mixture t o  the reaction chamber were used in this work. 
Figure 1 is a schema-cic drawing of  t he  experimental assembly. 

The Thennobalance is an integral  uni t  housing a contimously recording 
temperature controller,  a height-adjustable muffle furnace, a d  an automatic 
continuously weighing and recording analyt ical  balance. 
balance is a s i l i c a  rod fo r  supporting a f u e l  sample in the m f f l e  furnace. 
furnace may be raised or lowered by means of pulleys t o  provide access t o  the  sample 
holder. Furnace temperatures are indicated and controlled by means of a thermocouple 
located near the furnace w a l l  (see Figure 1). Two other thermocouples s i tuated 
d i r e c t l y  above and below the carbon sanple measure the i n c m h g  k d  e x i t  gas tempera- 
tures. For all runs, except f o r  t he  temperature study, the muffle furnace was set  
a t  a control point of 1250 plus or minus 4 F. 

Mounted on one pan of the 
The 

A typical  run w a s  made as follows: t he  fufnace was s e t  a t  the desired 
temperature and &owed t o  come t o  equilibrium with a synthetic a i r  mixture f lar ing 
through the furnace a t  a flow r a t e  of 11 li ters  per minute. The coke sample (0.5000 
gram each) obtained by r i f f l i n g  a Large batch of coke (-20 +28 Tyler mesh) w a s  dried 
a t  130 C for  two hours p r io r  t o  weighing. 
w i r e  basket haviag inside dimensions of 0.6 by 0.6 by 0.5 inch. 
coke sample in the basket was 0 . E  inch. 
placed on the s i l i c a  support rod of the  Thembalance, the muffle furnace w a s  
lowered in place; the l o s s  of weight with time was recorded continuously. 

(3) Made in En- and dis t r ibuted by Burrell Sc ien t i f i c  Company. 

The sample was then placed in an inconel 
The bed depth of the 

After the basket containing the coke was 



Theory 

In the  m e r  proposed by Tu et.al.,') it can be shown tha t  the  combustion 
r a t e  of carbon is  given by 

Pg 

Rd + Rc 
IC = 

where pg is the  p a r t i a l  pressure of oxygen in t he  bulk gas stream (atm) 
Q is the  diffusional resistance t o  mass t ransfer  (hr)(atm)/lb mole 
& is  the  chemical resistance (hr)(atm)/(lb mole) 
Nc equals the  r a t e  of carbon consumption ( lb  moles/hr) 

Now i f  reaction conditions a re  chosen such tha t  chemical reaction controls the  r a t e  
of car- consumption, that is, R c 9 R d ,  equation (1) reduces t o  

Nc =Pg = B k P g  
R, 

where a = area available f o r  reaction 
k = the  spec i f ic  reaction rate constant as given by the  Arrhenius equation 

In the  case of a packed bed of par t ic les  having appreciable depth, pg varies 

Generally 

with the depth of t he  bed. Hence, under isothermal conditions, it becomes necessary 
t o  integrate equation (2) between the  l imi t s  of the  in l e t  and out le t  gas compositions 
t o  obtain the average value of the  ra tes  ex is t ing  i n  every par t  of the bed. 
it i s  d i f f i cu l t  t o  maintain isothermal conditions, because the  oxidation o f  carbon i s  
highly exothermic and t h e  reaction temperature tends t o  r i s e .  
d i f fe ren t ia l  reactor, . r i s ing  temperatures a re  eas i ly  t rea ted  because r a t e  data may 
be obtained a t  each incremental temperature change. 
(2) becomes 

However, by use of a 

Under these circumstances, equation 

N, = d a  (3) 

whered  is a constant 

Quat ion (3) describes the oxidation of carbon i n  a chemical-reaction- 
controlled regime. However, the  s in te r ing  process occurs a t  high temperatures of about 
2700 F. In this region, the  oxidation r a t e  of carbon is  controlled by the mass 
transport of oxygen from the bulk gas phase t o  the  carbon surface; that is, diffusional 
resistance is much la rger  than the  resistance due t o  chemical reaction. Hence the  
carbon combustion can be approximated by modifying equation (1) t o  

(4) P 
*g 

H c = x = k  a p  = DPa 
% WlzPbm 

where D = diffusion coefficient (ft2/hr) 
R 
P = t o t d  pressure (atm) 
kg = mass t ransfer  coefficient ( lb  moles)/(hr) ( f t 2 )  (atm) 
z 
T = temperature (OR) 
am = l og  mean pressure of iner t  gas in the f i lm 

= gas constant ( f t j ) (a tm) / ( lb  mole)(%) 

= effective film thickness ( f t )  

Equation (4) implies that in a diffusion-cantrolled regime, the oxidation r a t e  i s  
independent of t he  carbon being burned and depends only on the  transport  of oxygen. 
WithFn limits, t h i s  is true; but with cokes or carbons of widely different porosit ies 
and varying ash contents, the  effective film thickness (2) and the  area available 
fo r  reaction (a) may be vas t ly  different a t  ident ica l  air  flow ra tes .  Second, with 
fuels having a h ighash  content, it is lmuwn that an ash s t ruc ture  can surround the  
unburnt carbon7) and may impede combustion through its e f fec t  on the  diffusion 
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coefficient.  Thus the propehies  of t he  f u e l  can i n f l u a c e  the combustion rate of 
carbon in the sintering-temperature (diffusion-controlled) region. 

Results an&Discussion 

The Effect of Temerature on the Oxidation Rate of Coke 

Most of the kinet ics  work w a s  performed with coke (r because it had been 
found t o  be an excellent fuel for sintering. 
on t h e  oxidation rate,  the correlat ing temperatures were the exit gas temperatures 
Leaving the bottom of the dFfferentidL reactor. 
about L5O F higher than the m a c e  temperature. 
of t he  top of the packed bed of p a r t i c l e s  at temperatures abwe-1400 F gave temperatures 
about 25 t o  50 degrees higher than the exit gas temperatures. 
the bed showed a considerable nonuniformity in burning; discrete  pazrtidles o f  coke 
could be seen burning more b r i l l i a n t l y  thEm others in various parts of the bed. 
Consequently, exit gas temperatures w e r e  assumed t o  be  representative of the bed 
temperature. 

In t he  study of the effect  of temperate 

In general, these temperatures are 
But optfcal-pyromter measurements 

V i s u s l  observation of 

The r e su l t s  of the oxidation t e s t s - a t  various temperatures are presented in 
Figure 2. 
and thereaf ter  decreases w i t h  time t o  a constant l eve l .  
the reaction rate ,  t he  weight-loss data must be corrected for vo la t i l e  matter. 
was done by heating the coke t o  various temperatures in I?2 and obtaining devolati l ization 
r a t e  curves. 
t o  obtain the weight Loss b e  t o  oxidation. 

In these t e s t s ,  the exit gas temperature increases a d  reaches a maximum 

This 

The  vo la t i l e  matter lass is then subtracted frm the gross w e i g h t  loss 

Far proper evaLuetion of 

With these data, an Arrhenius plot  w a s  made of the reaction rate expressed 

Also included in t h i s  plot  are the data given by 
in pound moles o f  carbon consumed per hour per square foot of total. surface area. 
r e su l t  
Wicke57 for electrode carbon. O n l y  a t  temperatures below about L h O  F do the 
experimental data l i e  along the  curve given by Wicke. This corresponds t o  an 
act ivat ion energy o f  9 k cal/g mole, w h i c h  indicates that the oxidation of carbon 
is controlled by chemdcal reaction. As t he  temperature is increased above LkOO F, 
the e f f ec t  of diffusion becomes increasingly s i a i f i c a n t  an& the data deviate 
considerably from the st raight- l ine Arrhenius relatiohship. 

The 
a re  presented in Figure 3. 

Frm the kinet ic  data of curve 2, Figure 2, the to ta l .  surface area o f  coke 
C w a s  calculated w i t h  t he  use of a known specif ic  reaction r a t e  constant for electrode 
carbon. The ca l cda ted  surface area based on points taken over the entire curve was 
3.0 m2/grsram (standarddeviation 0.39). Experimental nitrogen adsorption (BEP) surface- 
area measurements showed that the surface area of coke C was e s i e n t i d l y  constant a t  
3.4 m2/gram a t  various degrees of oxidation. A similar ca .Lcda ioa  for charcod  H 
(Figure 4) at 30 percent weight l o s s  gave a t o t a l  surface area o f  4.8 &/gram, whereas 
t h e  BE3 method gave a value of 5.2 m2/gram f o r  a fresh sample. 
t ha t  the combustion of d i f f e ren t  fuels is primari2.y dependent on t h e  surface area of 
the material. 
fixed carbon available in the coke sample, whereas the EEL' method makes no d i s t i n c t i a  
between ash and carbon contributions t o  t h e  t o t a l  area. 
materials it is expected that the adsorption technique w i l l  field surface areas 
considerably different from those  calculated f r o m  the oxidation curves. 

These values indicate 

It should be mentioned that these calculations are based only on the 

Conse?p.umtly, f o r  high-ash 

These two fue l  samples cover the extreme oxidation r a t e s  encountered in tm 
report ;  t h a t  is, coke C burns a t  the slowest rate and charcoal H a t  the most rapid. 
As the oxidation r a t e s  for both fuels correlate  ra ther  well with t h e i r  BET surface 
areas, it appears that the gross oxidation phen-on in a chemicaL-reaction-controYed 
r e g b e  where excess oxygen is a l w a y s  available i s  d i r e c t l y  re la ted t o  the totsL surface 
area o f  the  solids. Hovever, a more fundamental study wouLd probably reveal t ha t  
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additional carbon properties such as anisotropy and l a t t i c e  defects influence 
the  t rue  kinetics of oxidation. 
the  oddat ion ra te .  

I n  addition, the  impurities a l so  have an e f fec t  on 

The A i r  Oxidation of Various S in te r  Fuels 

To determine t h e i r  r e l a t ive  ease of oxidation, eight d i f fe ren t  fuels were 
(The compositions of the fue ls  oxidized in a i r  a t  a furnace temperature of 12jO F. 

a re  given in Table I.) The resulzs of t h i s  study i r e  presented i n  Figure 4. 

Each f u e l  was tes ted  in duplicate runs t o  check on data reproducibility. 
Figure 4 indicates that the  fuels can be raaked in order of increasing reactivity,  
t h a t  is, ease of oxidation, as follows: C,  E, G, F, D, A, and H. Coke B behaves 
somewhat anomalously i n  tha t  it has the f a s t e s t  i n i t i a l  burning ra te ,  but quickly 
slows down. We believe tha t  because of i t s  high ash content (Table I), the ash can 
decrease the  carbon surface available for  reaction and &so increase the  diffusional 
path across which the  mass t r ans fe r  of 02 occurs. 
carbon is consumed, t h e  ash becomes inc reas indy  s i m i f i c a n t  in preventing the 
exposure of carbon surface t o  the  oxidizing gas, and the r a t e  of oxidation diminishes. 

Consequently, as more and more 

Several t e s t s  were a l s o  completed t o  obtain oxidation data a t  a furnace 
temperature of 1600 F. 
comparison of Figures 4 and 5 shows tha t  i n  general the oxidation curves fo r  both 
low- and high-temperature tests a re  ranked in the  same manner; t ha t  is, coke C is s t i l l  
represented as t he  slowest burning coke regardless of the temperature of oxidation, 
and similarly f o r  the  other cokes. A slight anomaly does ex is t :  the low-temperature 
work indicates that charcoal D and coke A should behave similarly,  whereas the nigh- 
temperature data suggest a higher r eac t iv i ty  fo r  the activated charcoal. It is  believed, 
however, t ha t  this difference is  due t o  the  experimental technique and may be explained 
as follows. The s i z e  of ‘the sample and the  cross-sectional area of the reactor basket 
used i n  both cases were the  same. Consequently, the height of the  sample in the  basket 
f o r  coke A as- compared with the  height for  charcoal D varies with the  r a t i o  o f  the 
apparent specific gravit ies.  
charcoal D. This has tvo  adverse e f fec ts  on t h e  oxidation r a t e :  (1) the pressure 
drop across the basket increases causing more a i r  t o  flow around the  basket ra ther  
than through it, and (2) the  p a r t i a l  pressure of C02 increases in the  bed. 
fac tors  tend t o  depress the  reaction ra te .  A t  l o w  temperatures, this r e su l t  is not 
evidenced because the  reaction r a t e  is  slow and the  a i r  flow is la rge  enough t o  of fse t  
any ef fec ts  due t o  changes in p a r t i a l  pressure of oxygen. 

The r e su l t s  of t h i s  work are presented in Figure 5. A 

Thus the  sample height fo r  coke A i s  1.48 times t h a t  fo r  

These two 

A short study was made t o  determine the  variation of t he  coke pa r t i c l e  s i ze  
with increasing degree of oxidation. 
mesh, are presented in Table 11. The pa r t i c l e  s i ze  i s  r e l a t ive ly  independent of the 
percent oxidation. 
contained 71.5 percent of the  r i g i n a l  screen size.  This is  i n  agreement with the  
r e su l t s  reported by others.jJ6T A sample oxidized a t  a furnace temperature o f  1600 F 
exhibited considerable fusion of the  par t ic les  as re f lec ted  by the  creation of  2l.2 
percent of a plus 20-mesh fraction. 
plus 28 mesh, t he  data suggest t h a t  a t  higher temperatures, the oxidation r a t e  of 
high-ash fuels may be affected by partial fusion or s in te r ing  of the ash. 
if t h e  ash becames su f f i c i en t ly  f l u i d  t o  occlude the  surface of t h e  carbon, a 
corresponding decrease in r a t e  should occur. 

The Reactivity Index as a Measure of Fuel Performance in S in te r ing  

These data, f o r  coke C i n i t i a l l y  minus 20 plus 28 

Even a f t e r  87 percent weight lo s s ,  t he  oxidized sample s t i l l  

A s  t he  initial pa r t i c l e  s i ze  was all minus 20 

I n  par t icu lar ,  

In the s in te r ing  process, only the  f ixed  carbo i s  considered t o  be useful 
fo r  generating t h e  required heat f lux .  Voice and Dixong P i n  summarizing the  available 
l i t e r a t m e  on t h e  subject report tha t  any heat generated by the  cambustion of vo la t i les  
lowers the  thermal efficiency of the  s in te r ing  process. 

I 
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As no one property of the fuel,  such as ignt t ion temperature, f ixed carbon 
content, or ash content, can adequately describe its behavior d u r a  the combustion 
process, a r eac t iv i ty  index based on 50 percent weight LOSS of fue l  has been defined. 
For this purpose, we choose t o  set t h e  a i r  oxidation t e s t  conditions just  outside of 
t he  region in which chemical reaction alone controls the oxidation rate, where the 
differences in t h e  r eac t iv i t i e s  of fuels could be easi ly  distinguished. For our 
equipment , this corresponds t o  an a i r  flow rate of 4 l i t e r s  p e r  minute an&a furnace 
temperature set t ing of 1250 F. 

A measure of the r e a c t i v i t y  of fuels  under these conditions is the area 
under the percent weight loss versus time curve (Figure 4). In this  manner, fue l s  
having a fixed carbon content of as low as 50 percent may be included in t h i s  index. 
The area under the curve is then normalized to place all measurenents on a per  gam 
of fixed carbon basis. Thus the r eac t iv i ty  index 6 is defined as 

w h e r e  t = t i m e  for 50 percent weight loss 
Jt) = wei&t l o s s  in grams as a h c t i c o l  of time 
m, 
f 
w(t) = percent weight l o s s  of s-e as a m c t i o n  of time 
F = percent w e i g h t  f ract ion of fixed carbon in sample 

= i n i t i a l  sample weight (grams) 
= weight f ract ion of fixed carbon in sample 

The r eac t iv i ty  index @ is correlated w i t h  s l a t e r  production rate as shown In Table m. 
Sufficient samples w e r e  not available for  s i n t e r  pot tests t o  be run on all the  fuels 
studied. However, the data e s t a b l i s h  the general trend. Fuels having a r eac t iv i ty  index 
greater than 1.65 appesr t o  y i e ld  a s in t e r  production rate of about 4.2 tons per day per 
square foot. These fuels  a r e  acceptable fo r  the s inter ing process. Below an index of 
1.65, the production r a t e  decreases. The performance of those fuels haring a reactivity 
index between about 1.35 and 1.65 can be improved by blending with a better-quali ty fuel. 
Fuels having an index of l e s s  than 1.35 are unsatisfactory f o r  u s e  as s i n t e r  fuel.  

Fuel Reactivity and t he  Mechanism of  S i n t e r i q  

We have ObSeNed that the oxidation o f  the more reactive fue l s  r e su l t s  i n  
T h i s  is due t o  inccnq.Lete a higher carbon monoxide concentration i n  the waste gas. 

combustion of the fuel and/or t he  gasification of carbon. In  e i ther  case, the thermal 
efficiency of t he  s inter ing process is lowered and a higher fue l  content in the sinter 
bed is  often required t o  accomplish the desired result. Highly reactive fuels a lso  
tend t o  minimize thermal eff ic iency because of their suscept ibi l i ty  t o  rapid weight 
loss a t  r e l a t ive ly  low temperatures. 
visualized by considering the  temperature p ro f i l e  that exis ts  in a s i n t e r  bed. 

The decrease in thermal efficiency may be 

In general, there  are t h e e  regions of major interest :  
preheat zone, the conbustion zone, and the s in t e r  cooling zone.1’) 
s in t e r ing  process, these zones leave the bottom of the packed bed in the given order. 
Consider now only the preheat and conbustion zones. 
under t h e  ignit ion burner, the fuel in the top part of the bed is ignited t o  i n i t i a t e  
t he  formation o f  the combustion zone. 
through t h e  bed i s  rapidly t r ans fe r r ing  heat from the combustion zone t o  the immediately 
preceding preheat zone. 
zone is exposed t o  temperatures varying between the  ambient bed temperatures and those 
of the approaching flame f ron t .  
portion of t he  carbon may be l o s t  through oxidation with air  in the preheat zone. 
This results i n  smaller amounts of carbon being available fo r  combustion in the 
combustion zone, and thus reduces the heat flux for sintering. Furthermore, t he  

the  sinter-mix 
~n a bwndraft 

As s i n t e r  feed mixture passes 

A t  the  same t i m e ,  the damdraft  of  a i r  dram 

A t  t h i s  par t icular  time, the unreacted fuel in the preheat 

If t h e  fue l  is highly reactive,  then a significant 



reactive f u e l  burns quickly and generates an intense heat in a narrow combustion 
zone. 
up with the rapidly moving combustion zone, and the  r e su l t  is t h e  formation of a weak 
sinter. 

Consequently, the normal heat-transfer process from gas t o  so l id  cannot keep 

If a l e s s  reactive fuel is used, premature oxidation of the carbon in the  
preheat zone is minimized, and more complete burning occurs. 
increase in the width of the combustion zone t h a t  (1) permits the heat-transfer 
processes occurring i n  the bed t o  operate in phase with the combustion process, and 
(2) prevents localized melting because more uniform temperatures are obtained in the  
combustion zone. It is known that excessive fusion tends t o  cause the sinter bed t o  
s lag over-and thus t o  depress production rates,  whereas t o o  l i t t l e  fusion results in 
weak s inter .  
two extremes. 

This causes a re la t ive 

Consequently, a good sinter f u e l  w i l l  permit operation between these 

On the  basis  of the r eac t iv i ty  index, as well as the oxidation data of 
Figure 4, the r e su l t s  tend t o  indicate that  the slower burning fuels are  most 
desirable for  s inter ing purposes. This i s  consistent with our present understanding 
of the sintering process. In general, the r eac t iv i ty  index appears t o  yield useful 
information on the expected production r a t e  t ha t  may be obtained with a given fuel.  
It ranks s in t e r  fuels  on a r e l a t ive  scale with respect t o  t h e i r  performance in the 
s h t e r i n g  process. 
samples. 

The t e s t  is par t icular ly  useful  for  the evaluation of s m a l l  

Conchs ions 

Evidence is  presented t h a t  tends t o  show that  in a chemical-reaction- 
controlled regime, the oxidation kinet ics  of carbonaceous fuels  depend upon the 
t o t a l  (BEC) surface are  of the fue l  par t ic les .  This is in agreement with the 
observations of Wicke. 57 

A r eac t iv i ty  t e s t  based on the oxidation character is t ics  of various s i n t e r  
fuels has been developed. 
ore s inters .  I n  general, the  best  s i n t e r  production r a t e s  are obtained when the 
s in t e r  fuels are  slow burning; t ha t  is, when they a re  r e l a t i v e l y  unreactive. 

T h i s  index correlates with the production rates of i ron-  
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TABLE I1 

The Effect of A i r  Oxidation on the Par t ic le  Size 

I 

A 
1 

of Coke C 

Percent Oxidized* 0 10 21 4- 67.5 87- 

Screen Analysis o f ”  
Oxidized Fuels (Cumulative $) 
Tyler Mesh 

+20 o 5.1 2.4 - 5.7 21.2 
-20 +28 100 96.0 93.1 85.4 77.5 n.5 

+35 - 98.6 96.5 91.5 96.0 89.1 
+48 - 98.8 96.9 93.2 -97.9 92.5 
+65 - 98.9 97.3 96.1 99.1 95.4 
+loo - 99.0 98.0 97.7 99.6 96.8 

* Samples oxidized at  a filrnace $emperatme o f  1250 F a t  an a b  flow r a t e  o f  ll 

* Screen analysis obtained by hand screeniag of samples f o r  two minutes. 
+ex-!+ Ro-tapped fo r  15 minutes. 
* Furnace temperature 1600 F. 

l i t e r s  per minute. 

Fue l  

C coke) 
E I cod.) 
F (zoke) 
G (coke) 
D (charcoa)  
A (coke) 
H (charcoal) 
B (coke) 

TABLE 111 

The Correlation of S ia te r  Production Raze With the  
Revctivity Index of Siater JFuels 

Re act  ivit y 
Index (0) Tons/day/ft2 

S in te r  Production Rate 

2.50 

1.70 

1.43 
1.40 
1.25 
1.24 

1.a4 

1.68 

x 

*Insufficient sample t o  rm s i n t e r  pot sest. 
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TO FURNACE 
TEMPERATURE 1 - 
CONTROLLER 

HE1 GHT- AD JU ST ABLE 
MUFFLE FURNACE 

WIRE 
*BASKET 

SAMPLE SUPPORT ROD TO 

BALANCE 
RECORDING ANALYTICAL - I T W O - W A Y  

SWITCH 
TO POTENTIOMETER 

SCHEMATIC DRAWING OF EXPERIMENTAL EQUIPMENT 

FIm 1 

' WEIGHT LOSS MILLIGRAMS 
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FIGURE 4 
AIR OXIDA!I’ION OF VARIOUS FEELS 
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FIGURE 5 

AJR OXIDATION OF VARIOUS FUELS AT 1600 F 
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